Ruminant lentiviruses share genomic sequences and biologic properties with human immunodeficiency viruses. Four ovine lentivirus strains were assessed for cytopathic effects and virus replication. Lentivirus isolate H/24 produced high virus titers and lysis of synovial cells but replicated slowly and caused no fusion of alveolar macrophages. Lentivirus isolates 84/28 and 85/14 produced low virus titers, less syncytia, and limited or no cell lysis in synovial cells and macrophages. In contrast, ovine lentivirus isolate 85/34 produced early peak virus titers and caused rapid fusion and lysis of both macrophages and synovial cells. Ovine lentivirus isolates which were cytopathic for macrophages induced lymphoproliferative disease when inoculated into lambs.
Human immunodeficiency virus (HIV), the etiologic agent of acquired immunodeficiency syndrome, is a lentivirus with genomic sequences, replication mechanisms, and structural features in common with the ungulate lentiviruses (1, 9, 12, 26) . In addition to being the etiologic agent of acquired immunodeficiency syndrome, HIV is associated with a number of pathologic sequelae, many of which are also associated with ovine lentiviruses (OvLV) (10) . We have recently documented that neonatal lambs inoculated with OvLV develop lymphoid interstitial pneumonia which is morphologically and clinically similar to lymphoid interstitial pneumonia associated with pediatric and adult patients with acquired immunodeficiency syndrome (16) .
The in vivo target cell of ruminant lentiviruses is considered to be the monocyte or the macrophage (8, 28, 29) . Lentivirus replication and cytopathic effects in monocytes or macrophages differ depending on virus strain as well as on source and maturation of the host cell (7, 18, 30) . Recently, in addition to infection T-4+ lymphocytes, HIV has been demonstrated to infect and replicate in human monocytes (19) , monocyte-derived macrophages (6) , and alveolar macrophages (23) . HIV strains also exhibit heterogeneity in efficiency of replication and cytopathic effects in cultured cells (5, 6, 19) , which may, in part, explain the pathogenicity of HIV strains (15) .
We wanted to test the hypothesis that pathogenic OvLV strains had enhanced abilities to replicate within alveolar macrophages (the in vivo target cells of the virus). Our results indicate that the ability of lentivirus strains to replicate within synovial-membrane cell cultures does not accurately predict which lentivirus isolates are pathogenic in lambs. Those isolates which were cytopathic for alveolar macrophages were pathogenic when inoculated into neonatal lambs.
(This work was conducted by M. D. Lairmore in partial fulfillment of the requirements for the Ph.D. degree from Colorado State University, Fort Collins, Colo., 1987.) Monolayer cultures of goat synovial-membrane (GSM) cells were grown in Dulbecco modified Eagle medium with 5% heat-inactivated fetal bovine serum, 10 mg of glutamine per ml, and 50 ,ug of gentamicin per ml. Alveolar macrophages were harvested by terminal bronchoalveolar lavage from experimental lambs at necropsy (16) .
OvLV isolates were from either naturally occurring or experimentally induced cases of lentivirus-induced lymphoid interstitial pneumonia (isolates OvLV 85/34 and OvLV H/24) (11, 16) or were isolated from sheep with lymphoid interstitial pneumonia and concurrent ovine pulmonary carcinoma (isolates OvLV 84/28 and OvLV 85/14) (2). Each isolate was plaque cloned twice before being used to grow virus stocks by infecting monolayers of GSM cells (M. D. Lairmore, S. T. Butera, G. N. Callahan, and J. C. DeMartini, submitted for publication). Titers of supernatant fluids from infected cultures were determined by syncytium induction endpoint dilution assay in GSM cells. OvLV isolated from tissues or from virus replication assays was identified by typical cytopathic effects (25) and by detection of OvLV group-specific antigen (gag p26) by immunoblotting (2) or by an avidin-biotin-peroxidase-complex procedure (28) .
Subconfluent monolayers of GSM cells and alveolar macrophages in 24-well (area, 2 cm2), multiple, flat-bottom tissue culture plates (Nunclon, Copenhagen, Denmark) were infected with virus isolates at a multiplicity of infection (MOI) of 0.1 and a 50% tissue culture infective dose (TCID50) per cell. Cytopathic effects in GSM cells were evaluated by examining stained culture cover slips. Syncytia (multinucleated cells with four or more nuclei) per microscopic field were counted across successive diameters of cover slips, and the results were expressed as syncytia per square millimeter.
After harvest of alveolar macrophages by lavage (16) and removal of nonadherent cells, alveolar macrophages were cultured (2 x 106/ml) in Dulbecco modified Eagle medium with 10% fetal bovine serum and 10% autologous heatinactivated lamb serum. The resulting monolayer was typically >95% alveolar macrophages as identified by neutralred-dye uptake (3), latex bead phagocytosis, and failure to react with monoclonal antibodies against ovine T lymphocytes (Lairmore et Cytopathic effects and replication of OvLV strains in alveolar macrophages. In contrast to the behavior of strain H/24 in GSM virus replication assays, this high-passage laboratory-adapted OvLV strain did not cause fusion of macrophage cultures of any of the five animals tested (Fig. 3) . Strain H/24 produced slower degeneration of individual alveolar macrophages in infected cultures compared with that in uninfected normal macrophage cultures. The failure of OvLV H/24 to cause fusion and rapid lysis of macrophages was not due to In contrast, low-passage OvLV isolate 85/34 produced rapid and severe fusion of macrophages (Fig. 4) . The mean number of syncytia produced by low-passage OvLV 85/34 was significantly greater than that produced by high-passage OvLV H/24 ( Table 2) .
OvLV 85/34-induced fusion of macrophages was associated with cell death, as assessed by trypan blue dye uptake by syncytia. Within (Fig. 5) .
The GSM-cell-nonlytic OvLV isolates 84/28 and 85/14 produced less consistent fusion of macrophages than did lytic OvLV 85/34 ( lates which infect and cause destruction of cultured cells may not have the ability to cause disease when inoculated into a permissive host (24) . Conversely, OvLV isolates which efficiently infect and kill alveolar macrophages (primary target cells within the host; 9) may be more representative of pathogenic lentiviruses.
It has been suggested that selection by passage in cell culture, which in turn determines virus in vitro phenotype, accounts for differences between HIV isolates (6) . HIV isolates obtained from lung and brain replicate more efficiently and cause greater cytopathic destruction of macrophage cultures than do HIV isolates which are passaged in T-lymphocyte cultures (6) . In addition, human monocytes bind and replicate lymphocyte-adapted lymphadenopathyassociated virus type 1 inefficiently (19) .
Lentivirus isolates which are more effective at macrophage fusion potentially could allow more efficient cell-tocell spread of OvLV within infected tissues. In addition, within the lung, lysis of alveolar macrophages may serve to release mediators of pulmonary inflammation (4, 14, 20, 32) . Release of lentivirus during lytic destruction of macrophages may allow more virus antigen exposure and, as a consequence, cause an influx of effector lymphocytes mediating lung tissue damage. Such mechanisms have been proposed to account for the lymphoid depletion associated with acquired immunodeficiency syndrome (13) . Macrophage susceptibility to virus infection, as a correlate of pathogenicity in the host, has been demonstrated in other species (17, 22, 27, 31 
